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S1. Determination of the experimental velocity distribution
The AIMD calculations initially sample a flux weighted velocity distribution, given by 
where neut is the time taken for the molecules to travel from the chopper to the ionization region of the QMS, which is a distance neut and 0 neut is the time associated with 0 i.e. 0 = neut / 0 neut . The measured TOF distributions do not measure neut directly but instead
where chop accounts for the delay between the = 0 trigger and the molecular beam opening and ion the time it takes for the ionized molecule to travel a distance ion through the QMS.
Therefore, to be able to obtain 0 and from a TOF measurement, a knowledge of neut , ion and chop is required.
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chop arises because the chopper wheel for the TOF measurements has two slits, one of which passes an optocoupler which provides the = 0 trigger for the start of the TOF measurement and the second which allows the molecular beam through. As these two events do not necessarily coincide, this introduces a 'chopper delay' to the measurement. This can be determined by spinning the chopper at different frequencies ( chop ) and fitting the TOF distribution to
where (= / neut ) is the width of the distribution. 0 TOF is then plotted against 1/ chop , as
shown by the example in Figure S1 . The chopper delay for a given chopper frequency, chop ( chop ), can be found using
where 0 TOF ( chop = ∞) = 0 neut + ion is the intercept of the plot in Figure S1 . Therefore the intercept of the plot should be the same regardless of whether the chopper is spinning clockwise (+ve) or anticlockwise (-ve), which is shown to be the case by the red and black data in Figure   S1 .
Both neut and ion depend on 0 , so the QMS was mounted on a translatable stage to allow 0 to be determined without prior knowledge of neut and ion . TOF distributions were measured at seven different values of neut for at least three different chopper frequencies and fit using Eqs. (S4) and (S5) to obtain 0 neut + ion . As ion is independent of neut , the gradient of a plot of ∆ neut against 0 neut + ion is equal to 0 . In principle, chop should also be independent
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of neut , but in practice we found that it did change slightly as the aperture in front of the QMS (which limits the gas flow into the ionization region) also moved as the QMS was moved. This procedure was repeated for several different gas mixes which gave values of 0 between 550 m/s and 3550 m/s, as shown in Figure S2 .
From the knowledge of 0 and 0 neut + ion a brute force approach was used to find the Figure S3 .
For determining the values of 0 and experimentally for the AIMD calculations in the main manuscript, the TOF distribution was measured at a single neut for at least three different chop and fit using Eqs. (S2), (S3) and (S6) using the values of neut and ion determined by the calibration described above. It should be noted that the broadening of the TOF distribution due to the finite size of the chopper slit is also accounted for in the fitting code used. This so-called 'chopper function' was determined with a continuous molecular beam using the on axis QMS used for TOF measurements, which is sensitive to both the direct molecular beam and the scattered gas in the UHV chamber, and an off axis QMS mounted on the side of the machine (the one used for the King and Wells experiments described in the manuscript) which will only detect the scattered component. The signal measured using the on axis and off axis QMSs are shown as red and black lines in Figure S4A respectively. By taking the appropriate weighted difference S5 between the two, the chopper function can be determined as shown by the red points in Figure   S4B . This is compared to the trapezium used to account for the chopper function in the fitting code (blue).
S2. Comparison of different sets of experimental data
Figure S5 Our previous work using AIMD calculations with the SRP32-vdW functional failed to reproduce the lower incident energy experimental data (< 75 kJ/mol) with chemical accuracy for laser-off CHD3 dissociation on Pt(211) at normal incidence 2 , where significant trapping probabilities were also seen. In the current work, the normal incidence energy is < 75 kJ/mol for |θi| > 30°, where the SRP32-vdW functional still reproduces the experimental sticking coefficients within error bars. This suggests that, for an incidence energy of 96.8 kJ/mol, no contribution from the trapped trajectories to reaction is required to reproduce the experimental S0 measured for off normal incidence, even though the trapping probability may be high in the AIMD calculations for specific incidence angles.
S4. Pt(211) as a Pt[3(111)×(100)] surface
Previous work by Gee et al. has shown that the angle of incidence dependence of methane 3 , hydrogen 4 and oxygen 5 dissociation on Pt(533) can be accounted for by considering the four atom wide (111) terraces and one atom high (100) steps on the (533) surface independently. Here, we follow their analysis to see if it also describes the sticking coefficients from the AIMD calculations for ϕi = 0° under laser-off conditions for CHD3 dissociation on Pt(211).
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Assuming that the (111) terrace and the (100) step can be treated as two independent surfaces 3-5 , the angle dependence of the sticking coefficient can be written as (0°) to be 6%, which has been determined previously using AIMD calculations at an incident energy of 97.4 kJ/mol and surface temperature of 500 K 2 . Previous work has shown that at high incidence energies, changing the surface temperature does not significantly change the sticking coefficient for methane dissociation on Pt(111) 6,7 so this is a reasonable approximation to make here. Initially, we took θ ⊥ 111 = -20° due to the geometry of the surface and θ ⊥ 100 = 20° as Gee et al. found the effective normal for the (100) step on the Pt(533) surface to be half way between the Pt(533) normal and the Pt(100) normal 3 . The fit to the data that we obtain using these assumptions (Method A) in Eq. (S7) is shown as an orange line in Figure S7A and the parameters for the fit are given in Table S1 . For Pt(211) we find 111 = 7.6 and 100 = 3.6 which correspond well to the values of 8 and 4 that Gee et al. found for methane dissociation on the Pt(533) surface 3 .
To further investigate the applicability of Eq. (S7), we calculated the contribution to the sticking coefficients from the AIMD trajectories for reactions which were considered to occur on the (100) step, shown by the shaded region in Figure S7B , and the (111) terrace. These are shown by the gray and white points in Figure S7A , respectively. We then refit the data using Eq. (S7),
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fixing only 0 111 (0°) to be 6% and 111 + 100 = 1, whilst also restricting the range of values θ ⊥ 100 and θ ⊥ 111 could take based on the position of the maxima of the corresponding sticking coefficient distributions shown in Figure S7A (Method B). The fit obtained by making these assumptions is shown as a black line in Figure S7A and the parameters are given in Table S1 .
The dashed gray line shows the individual contribution from the (100) step and dashed black line from the (111) terrace. We find that θ ⊥ 100 = 31.3° and θ ⊥ 111 = -7.6°. Taking (111) terrace. Whilst the simple model in Eq. (S7) gives a qualitative description of 0 (θ i ) for CHD3 dissociation on Pt(211), it is unlikely to be an accurate quantitative description due to the position of the transition state on the surface and the difference in activation barriers 9 . As discussed in the main manuscript, this correlates with the generalized co-ordination numbers of each of the atoms in the Pt(211) surface 10, 11 . S9 S11 
